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MODELING OF SUBTERRANEAN HEATING OF COALS
OF MAYKUBEN AND EKIBASTUZ BASINS

Abstract. The paper describes experimental studies of the pyrolytic decomposition of coals from the Maikuben
and Ekibastuz basins with analysis of the gases. Heating of coal samples was carried out by the industrial frequency
current after preliminary breakdown of the interclectrode distance. The samples were heated in conditions that
simulate the subterrancan reservoir to simulate the process of underground pyrolytic conversion into combustible
gases and fluids. Experiments were carried out on the samples of coal weighing about 5 kg with the interelectrode
distance 150 mm.
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Introduction. The technologies of intralayer development of solid fossil fuels are currently attracting
the attention of many researchers, with the physical and mechanical properties of rocks being one of the
main criteria for mining works

[1]. There are significant prerequisites for the creation of various methods of in-situ processing- over
the past decade significant advances have been made in drilling technologies, three-dimensional geo-
modelling methods, methods of chemical, thermal and electrical treatment of a subterrancan formation and
other breakthrough directions. A number of technologies based on pyrolytic processing are proposed.
These include above-ground and underground pyrolytic conversion and gasification. Above-ground
gasification of coal has a long history with periods of rapid development and recessions [2, 3], and to date,
besides traditional and industrially developed, more promising, such as plasma, catalytic, layer gasifi-
cation with reversed blast, have been developed [4, 5].

Underground conversion is realized by heating the coal scam in situ and accumulation the pyrolysis
products through the wells. This path to the recovery of coal deposits seems to be the most promising and
environmentally friendly [6]. Access to the reservoir is through wells, and heating can be realized by
incomplete oxidation of the coal itself [ 7], heat conduction heating [8.9], electric heating [10-12], etc. In
our opinion, one of the most effective ways to heat coal is electrophysical heating, based on exposure to
high voltage electromagnetic field [13, 14].

The method consists in the following. Along the edges of the heated part of the reservoir, two wells
are drilled, in which electrodes are placed. First, a high voltage is applied to the electrodes, sufficient to
initiate electrical discharge processes in the pores of the subterranean formation. Further, the action of
partial discharges leads to the formation of a channel of electrothermal breakdown. The breakdown
channel has a significantly lower resistance than the original coal. Passing a current through the channel
leads to its heating. Thus, the use of the channel as a resistive heater will allow heating of the subterranean
formation to the pyrolysis temperature.
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The composition and ratio of pyrolysis products — combustible gas and tar — depend on the compo-
sition of the original coal and the heating rate. In addition, presumably, the composition of the products
can be affected by electrochemical and electrokinetic processes occurring under the action of the current
flowing through the coal. The composition of the pyrolysis products in turn affects the areas of their pos-
sible use. For example, depending on the ratio of hydrogen and carbon monoxide, pyrolysis gas can be
used as follows:

- to produce liquid hydrocarbon fractions by Fischer-Tropsch synthesis [15];

- to separate pure hydrogen as a commercial product or as an intermediate product for the subsequent
synthesis [16-18];

- to generate heat or electrical energy by direct gas combustion in gas piston or gas turbine generators
[19, 20].

The paper describes the method and results of laboratory heating of coal with an electric current
under conditions close to intralayer. The composition of the resulting pyrolysis gas is determined. Coals
taken from the Maikuben, Bogatyr and Saryadyr mines were used for study.

Research methodology. In-situ conversion of solid fuels involves heating the rock directly in the
conditions of occurrence. The laboratory studies were carried out in conditions similar to the underground
reservoir for a sample of solid fuel. Such similarity criteria as reservoir pressure and electric field intensity
were simulated. The block diagram of the laboratory equipment is shown in figure 1.
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The reservoir pressure is the pressure of the fluid phase of
the reservoir and, as a rule, for a certain depth is equal to the
hydrostatic pressure of the column of the corresponding
height. Imitation of reservoir pressure was carried out by
increasing the pressure of the buffer gas in the chamber of the
laboratory unit (figure 2). Nitrogen was used as a buffer gas.
The chamber has a volume of 0.06 m’ and a maximum
pressure of 10 kgf/cm?® which makes it possible to simulate
reservoir pressure at a depth of 100 m. Gas was supplied to the
chamber from cylinders through a reducer. Previously, air was
pumped out of the chamber by a backing pump. This elimi-
nates the ignition of pyrolysis gases in the chamber during the
experiment. A rotary lamellar foreline vacuum pump LB 60
with a residual pressure of 0.005 mbar was used.

The power supply system of the laboratory equipment is
represented by a set of high-current and high-voltage electro-
nic and electrical devices combined into a common circuit and
controlled from a single control unit (figure 3). Figure 2 - Laboratory chamber
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Figure 3 — Blockdiagramof laboratory equipment

The maximum output voltage is 100 kV of industrial frequency, the maximum output current is
240 A of industrial frequency. The output voltage is regulated smoothly in three ranges: 0..220 V,
0.10kV, 0..100 kV.

During the experiment, the temperature dynamics at certain points of the sample is measured. For this
purpose, a multichannel thermoconverterThermodat 25M5 and a set of chromel-copel thermocouple were
used.

During and after the experiment, gas samples were taken from the chamber and analyzed. Gas is sam-
pled directly from the chamber and through the air tubing enters the filter regulator LFR-1/4-D-5M-MINI.
This device allows taking a sample of gas, without affecting the pressure in the chamber, and also removes
the aerosol phase and dust particles from the gas. After the filter regulator, the gas was fed to an Agilent
7890 chromatograph, which was used to analyze the resulting pyrolysis gas. Pneumatic hoses, valves and
gas fittings manufactured by Festo (Germany) were used.

The chromatograph is equipped with a ShinCarbon ST 100/120 capillary column, 2 m long and 1 mm
internal diameter. This column is designed to separate the following gases: hydrogen, oxygen, nitrogen,
carbon monoxide and carbon dioxide, methane and heavier hydrocarbons. The column uses a thermal
conductivity detector.

Samples of coal were in the shape of a parallelepiped 300x200%200 mm in size, cut from a solid coal
fragment on a stone-cutting machine with an abrasive-cutting disc with a diamond coating.

Electrode system was presented by two rods of carbon steel 10 mm thick, spaced 150 mm from each
other and recessed into the specimen by about 100 mm. The temperature was measured at 3 points. The
first point was located in the center of the interelectrode distance. The second and third points were 30 mm
and 60 mm from the axis drawn between the electrodes, respectively (figure 4).

The experimental procedure was as follows. A sample with mounted electrodes and thermocouples
was placed in the chamber. Electrodes and thermocouples are connected by conductors to the electrical
inputs of the chamber, which are isolated from the body of the chamber by ceramic insulating tubes.
After sealing and vacuuming, the chamber was filled with nitrogen to the working pressure, which in
the experiment was 2 kgf/cm® and was kept constant. Outside the electrical inputs of the chamber were
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Electrodes

Figure 4 — Layout of thermocouples in the sample:
1, 2, 3 — thermocouple placement points

connected to the electrical equipment. By applying a high voltage, the sample was first electrically broken.
Next, the electric circuit switches from high-voltage to high-current mode of operation and coal sample
heats. During the heating produced gas is mixed with nitrogen. For keeping the pressure in the chamber
constant, an overpressure is allocated through the gas inlet of the chamber. Thus, the released pyrolysis
gas gradually replaces nitrogen. At the end of the experiment, gas was sampled from the chamber for ana-
lysis. Sampling was carried out through a straight hose connecting the chamber and the chromatograph.

Figure 5 shows the temperature dependences on time for the Bogatyr coal specimen. Curves of the
other coals are identical.
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Figure 5 — Temperature versus heating time
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Results and discussion. The average heating power was 800 W, although a change in the resistance
of the sample sometimes caused deviations. As the sample heats up, its resistance decreases, and in order
to maintain a given power it is necessary to increase the current. The sample was heated until the current
required for heating exceeded 130 A.

Before and after heating, the sample mass was measured to calculate the mass loss. The volume of
released gas was determined using a membrane gas meter with automatic thermal compensation. The
amount of released liquid products cannot be directly determined, since gummy substances settle on the
entire inner surface of the chamber. Thus, the mass of liquid products was determined by subtracting the
mass of gas from the total mass loss of the sample. The mass of gas was determined by calculation from a
known composition and volume.

Summary of the results of the research are shown in table 1.

Table 1 — Summary data on physical modeling of underground coal heating

Sample
e Bogatyr Maykuben (nadiilrlynais}gyer) (py atiliaeltBrlg\(fli};r layer)
Initial sample weight, kg 5,590 5,067 4,199 4316
Weight after heating, kg 5,022 4,155 3,993 3,842
Weight loss, g 568 912 206 474
Gas volume under normal conditions, m? 0,764 1,066 0,175 0,432
The average molar mass of gas, g/mol 7,65 10,85 9,34 9,09
Specific calorific value of gas, MJ/m?3 13,89 11,93 14,18 19,16
Specific calorific value of gas, kcal/m? 3320 2851 3389 4577
Calculated mass of gas, g 261 516 73 175
Calculated mass of liquid products, g 307 396 133 299
Electricity spent on heating, kW-h 4,54 1,94 0,78 3,39

The mass loss of the samples during the heating time was from 5 to 20% of the initial mass. In
experiments, a small part of the sample interelectrode space is heated. It is impossible to heat the entire
sample with this experimental technique due to the fact that at a certain stage there will be a mechanical
destruction of the sample and the heating process will stop.

The ratio of the mass of the gas to the mass of the liquid products in the heating mode used was from
35:65 to 55:45 for the used coal. This ratio is influenced by the composition of the coal and the heating
rate. In industrial use, this ratio can be changed by varying the heating power. If it is necessary to obtain
more liquid products, heating should be carried out with less power. In this case, the conversion of the
same amount of coal will take more time.

The calorific value of the gas produced for the used coal was from 13 to 19 MJ/m’, which is a high
value in comparison with the gas produced by UCG-gasification with partial oxidation of coal [21, 22].

The calorific value and the calculated mass of the gas were determined on the basis of the known
composition. The results of the analysis of the composition of the obtained gas and its calorific value are
shown in table 2.

The main component of the gas is hydrogen, the concentration of which exceeds 60% for all the coals
under study. It also shows that methane concentration is very high. The high calorific value of the gas is
achieved mainly due to the high concentration of methane. There are also hydrocarbons C,—Ca, also
having a very high calorific value. Unlike UCG-gasification, which is characterized by a high content of
carbon dioxide in a gas, the gas in our experiments contains from 1.7 to 6.41% COx.

— 74 ——
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Table 2 — Composition and calorific value of pyrolysis gas obtained from coal

Component Bogatyr Maykuben Saryadyr (nadezhniy layer) Saryadyr (pyatimetroviy layer)
Ho 73,15 66,99 67,44 63,97
CO 13,29 21,35 16,61 9.89
CH4 10,64 4,81 10,80 19,90
CO2 2,13 6,41 3,58 1,70
CoHa 0 0 0,14 0,03
CoHa 0,26 0,12 0,69 1,15
CoHs 0,44 0,29 0,55 1,20
Cals 0,03 0,01 0,09 0,12
Calg 0,01 0,02 0,07 0,14
CsHio 0,04 0 0 1,88
Calorificvalue, 13,89 11,93 14,18 19,15
MJ/m? (kcal/m?) (3320) (2851) (3389) (4577)

Findings. In-layer pyrolytic conversion of solid fuels by electric heating, in our opinion, is
promising. With its help, it is possible to process fuels of unprofitable fields: low-thickness formations,
high-ash fuels, formations with complex mining and geological conditions. One of the main positive
properties of electric heating is the high quality of the product gas - high calorific value, high content of
hydrocarbons, low content of carbon dioxide and absence of nitrogen. Such gas can be used as a raw
material for further processing to produce a large number of products.
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1« KeoMip XMMHACH 5K0HE TEXHOIOTHS HHCTHTYTED XKIIIC, Acrana, KazakcTam,
2TOMCK MOJMTEXHHKAIBIK YHHBEPCHTETI, ToMCK, Peceit

KOMIP KABATBIH KABATIHILIIK KbI3ABIPY 1bl ®U3UKAJBIK MOJAEJBAEY

Annoramus. Makanaga MaiikyOeH sxoHe ExiOacTy3 OacceHHACpiHACTI KOMIPIiH MHPOIUTHKAIBIK BIIBIPAY bI-
HBIH TOKIpHOENiK 3epTTeyepl MoHE Ta3AapiblH aHAIH31 KeaTipinreH. KeMip chlHAMamapslH KbI3ABIPY AJTIbIH-A71a
3MEKTPOAAPAIBIK KAIIBIKTBIKTA OHEPKICINTIK TOK KHITITiHIH aFbIMbI aPKbLIBI 5Ky3eTe achIpburabl. KeMip KaOaThIHBIH
JKep acThl MAPOIMTUKAIBIK KOHBEPCHACHI KE3IH/IE YKAHFBIN ra3 OcH IMAHbIPABIH TY3LTy MPOLECIH MOACTBACY YIUiH,
CBIHAMAJNAP MMMHUTALHATIAYIIbl KOHABIPFRUIAPAA KbI3ABIPbULAbL. CamMarsl ~ 5 Kr KeMmip YITiiepi maiaanaHblIgsL,
3JCKTPOAAPANBIK KAIIBIKTHIK ~ 150 MM Kypaasl

Tyiiin ce3aep: KOHBEPCHS, KOMIP IUIACT, Ta3, HMEKTP OTKI3TIIITIK, MHPOIIH3.
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'TOO «MHCTHTYT XHMHH YIJI1 B TEXHOIOTHI», AcTana, Kasaxcran,
2ToMCKHI MOTMTEXHMUECKHH yHHBEPCHTET, TOMCK, Poccus

OU3NYECKOE MOJAEJNUPOBAHUE BHYTPHILUIACTOBOI'O HAT'PEBA YI'OJBbHOTI'O INIACTA

Annotamus. B cTatbe OMMCAHBI AKCICPHMCHTATBHBIC HCCICIOBAHHUA MHPOIUTHUCCKOTO PA3IIOKCHHA YTJICH
MaitkyOHHCKOTO B JKHOACTY3CKOTO OACCCIHHOB C aHATH30M MOJIYUHBIINXCA Ta30B. Harpes 00pasmoB yriieH mpoms-
BOAHWJICA TOKOM TPOMBIILICHHOH YACTOTHI MOCJIC NPCABAPHTSIBHOTO MPOOOS MEMKIICKTPOTHOTO PACCTOSHHA.
O0pa3mel MOABEPTATHCH HATPCBY B YCIOBHAX, HMHTHPYIOIIHX YCJIOBHA 3AJICTAHUA IUIACTA, UL MOJICTHPOBAHHI
MPOIIECCa TMOA3CMHOM MHPOIUTHICCON KOHBEPCHH B TOPIOYHC Ta3bl W CMOJBL. MCHOIB30BAIMCh O0OPa3Ibl YIJICH
Maccoi ~5 Kr, MEXKIJIEKTPOJHOE PACCTOSHUE COCTABIUIO ~150 MMm.

Kirouernie ¢JI0Ba: KOHBSPCHS, YTOJBHBIN IITACT, Ta3, JICKTPOHATPEB, THPOJIH3.
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